Introduction {#s1}
============

In 2013, the CINP Think Tank considered the potential of "clinically useful biomarkers to define target populations," with the concept that they would have the capacity to improve therapeutic outcomes or facilitate the development of novel, more focused treatments. To date, there is only one commercial biological test for clinical use in psychiatric disorders, MDDScore^,^ which augments standardized diagnostic interviews in identifying people with major depressive disorder ([@CIT0008]). This was the basis on which the CINP Think Tank brought together interested parties from industry and academia to debate how best to strategize and make practical plans to search for biomarkers for psychiatric disorders. The debate was wide-ranging, moving from why there are so few clinical tests in psychiatry to the types of biomarkers that would be most useful clinically, either for patient stratification or monitoring treatment efficacy. Rather than an exhaustive review of the literature, this report summarizes the Think Tank discussion of opportunities to be seized and challenges to be overcome in the discovery and validation of biomarkers for psychiatric disorders and their treatment.

Whilst there has been particular focus on diagnostic biomarkers for psychiatric disorders, the reality is that this is only one example of a biomarker (see [Figure 1](#F1){ref-type="fig"}). Other areas of medicine use markers in a number of ways. For example, human epidermal growth factor (Her2) and oestrogen and progesterone receptors are used as markers for disease stratification in breast cancer ([@CIT0067]). Although no biomarker for Alzheimer's disease has been universally recognized, decreased extracellular levels of beta amyloid in the brain are considered an early indicator of the risk of developing this neurodegenerative disorder ([@CIT0013]), whilst the extent of cardiac reperfusion following a cardiac arrest is used as a marker of prognosis ([@CIT0050]). Markers can also be used to guide therapeutic decisions; it is recommended that people of Asian descent are tested for the human leukocyte antigen B\*1502 (HLAB\*1502) allele prior to commencing treatment with a range of anticonvulsants to avoid the risk of toxic epidermal necrolysis ([@CIT0066]). In psychiatry, lithium dosage varies considerably because the goal is to attain a specific plasma level which is known to be associated with a clinical effect (see [@CIT0042]), making plasma lithium an effective theranostic. Given the range of potential uses, in order to identify suitable markers that will be clinically useful in psychiatry and determine how they will be used we must first decide what we want to achieve.

![Potential clinical uses for biomarkers in psychiatry.](ijnppy_pyv042_f0001){#F1}

The discovery and development of biomarkers has greatly impacted the management and treatment of a number of medical conditions, such as diabetes and cancer. Conversely, the discovery of a biomarker doesn't invariably lead to improved clinical outcomes. Indeed, there are potential disadvantages and ethical issues associated with biomarkers that need to be considered as the field progresses. Unless there is a distinct benefit associated with using the biomarker, it will have little, if any, appeal to clinicians or patients. This is best illustrated by the fact that less than 20% of people with a family history of Huntington's disease request testing to determine whether or not they will develop the disease ([@CIT0046]). Since there is no therapeutic intervention available they perceive no benefit in knowing in advance that they will develop the disease. Indeed, a survey found that 15% of people at risk considered suicide to be an option should they develop symptoms ([@CIT0045]), providing a powerful reason not to test people at risk of the disease. Conversely, a test *with* a clinical consequence can also have drawbacks. This is demonstrated by the use of prostate-specific antigen (PSA) levels as a screen for prostate cancer; PSA can be elevated by benign events, thereby reducing the diagnostic specificity of the test. Approximately a quarter of the men with elevated PSA levels have prostate cancer and, of these, only a small number of cases would be fatal ([@CIT0003]). Thus, the use of PSA levels alone would lead to the over-diagnosis of prostate cancer, an increase in health care costs, and unnecessary anxiety for patients. Equally importantly, it has been reported that depression and suicide increases in men who are known to have an elevated PSA rather than purely in men who have prostate cancer ([@CIT0039]). Thus, whilst the desired outcome in men with elevated PSA would be an evaluation for prostate cancer, the test itself is having detrimental outcomes in some individuals. This is an excellent demonstration that careful consideration needs to be given to the use of biomarkers for psychiatric disorders if and when they become available.

Biomarkers in Psychiatry {#s2}
========================

Although clinical tests are well-established in other areas of medicine, their development in the field of psychiatry has been slow. There are a number of reasons associated with this, which have previously been dealt with in detail ([@CIT0031]). Essentially, although the Diagnostic and Statistical Manual of Mental Disorders and the International Classification of Diseases provide common languages for clinical evaluations, neither provide information about the detailed (or individual) phenomenological presentation or their underlying causes. Furthermore, their diagnostic frameworks define syndromes ([@CIT0062]), making it unlikely that any biomarker will align with these descriptors; rather, it is more likely that markers will be predictive of subsets of individuals that may display specific symptoms or symptom clusters. This in itself is not an undesirable outcome; most people visit a clinician to have symptoms treated rather than to obtain a diagnosis, but it requires a shift in our conceptualization of the role of biomarkers in the "diagnosis" of psychiatric disorders. Rather than pursuing markers for diagnoses, it may be preferable to develop markers to stratify groups within the syndrome, which in turn may lead to more focused treatment options, possibly traversing nosological boundaries. This would be particularly important if we develop the capacity to identify people who will not respond well to standard first-line treatment options prior to treatment commencement. This approach is exemplified by the Research Domain Criteria (RDoC) established by the USA National Institute of Mental Health, which seeks to resolve the issues associated with mental illness independently of the current classification system used for diagnoses. This concept has the potential to provide ideal opportunities to develop biomarkers for specific behaviors, although to date none have been published.

Compounding the problem of trying to identify biomarkers for syndromes are issues with current study designs. Firstly, many studies assess a marker in a cohort with a uniform diagnosis and compare it to a control group (normally with no psychiatric or neurological history). This is an example of extreme comparisons; whilst this approach is useful in a discovery cohort at the start of a program to identify potential markers, many do not take the next step and assess the marker in a more clinically-relevant cohort presenting with a variety of diagnoses. In addition, even these early phase studies do not control for issues around blood collection, such as fasting status, time of day (diurnal rhythms), and phase of oestrous cycle, which can be critical when measuring highly responsive markers such as cytokines ([@CIT0019]). These are some reasons why markers that appear to have great promise often fail to perform adequately in clinical testing, where they lack the refinement necessary to distinguish between psychiatric disorders. Furthermore, many studies have relatively small cohorts; whilst this is understandable given the issues associated with recruiting people with psychiatric conditions, it means that most, if not all, are underpowered in statistical terms unless the marker has a very high signal-to-noise ratio. The lack of statistical power is especially problematic when coupled with small effect sizes ([@CIT0016]), resulting in a field littered with discordant reports for the majority of markers. When these issues are combined with the problem of dealing with the heterogeneous population described by a syndrome, it is unsurprising that many follow-up studies fail to confirm the original finding. Indeed, often the original finding is not replicated but a similar finding is made. In psychology this is referred to as an approximate replication; whilst such studies do not reject the original finding, they do not support it either. The problem is that neither measure is going to be a useful biomarker. The question then is how to identify robust and reliable markers with a strong enough discriminative power to be clinically relevant? The consensus of the Think Tank was that not only is it necessary to identify measures that can be replicated with a high degree of precision, but mechanisms to rapidly replicate such findings need to be established.

Although they are not factors given much consideration when designing studies to test specific hypotheses, the reality is that clinical tests, irrespective of the underlying science, have to be both easy to implement and inexpensive. This latter point is illustrated by VeriPsych, a blood-based diagnostic aid to confirm the diagnosis of recent-onset schizophrenia and marketed by Rules Based Medicine ([@CIT0057]). The blood-based assay determined levels of 51 analytes and distinguished people diagnosed with schizophrenia from people with no history of psychiatric disorders with a sensitivity of 85% and a specificity of 84%. VeriPsych was marketed in 2010 to aid with the initial diagnosis, where over 30% of people with bipolar disorder are misdiagnosed as having schizophrenia or a psychotic disorder ([@CIT0024]). In 2011, Rules Based Medicine became Myriad RBM and in 2013 VeriPsych was withdrawn, primarily due to cost, but also because of a desire for greater sensitivity and specificity and a market drive for a test that would aid in making differential diagnoses. Thus, in addition to the enormous task and technological challenges of identifying biomarkers, a number of other factors have to be taken into consideration in the development and marketing of such tools for clinical deployment.

Biomarkers at the Discovery Phase {#s3}
=================================

Despite the problems associated with the identification, development, and marketing of biomarkers for psychiatric disorders, research is very active at the discovery level, using a range of modalities. One approach is the use of neuroimaging techniques to aid in diagnosis, drug response, and potentially drug development in psychiatric disorders. Using machine-based learning in a small cohort, the pattern of gray matter volume changes from magnetic resonance images (MRIs) retrospectively predicted the transition of at-risk mental state participants with attenuated psychotic symptoms to psychosis with a sensitivity of 0.83 and a specificity of 0.80 ([@CIT0035]). This was replicated in a second, small but independent clinical sample, with a sensitivity of 0.81 and specificity of 0.87 ([@CIT0036]). Whilst the replication makes this approach promising, the authors only replicated the prediction accuracy within the same setting, leaving the complex question of how it is standardized across centers and imaging platforms. In addition, the time and costs associated with MRIs make it a difficult technique to market for routine tests, as required for biomarkers. Therefore, while MRIs are used clinically to identify contributing factors---for example, silent clinical infarcts in late-onset depression ([@CIT0069])---researchers are engaged in generating robust, clinically-replicated evidence for its utility as a biomarker.

Alternative complementary approaches include magnetic resonance spectroscopy to measure the response of combined levels of glutamate and glutamine (Glx) to ketamine infusion in healthy volunteers, as well as assessing differences between people with schizophrenia and control participants (see [@CIT0052] for a review). Using the Glx response to ketamine as a basis for developing drugs for schizophrenia has so far been unsuccessful; although the metabotropic glutamate 2/3 agonist Pomaglumetad methionil reversed the ketamine-evoked glutamate release and showed positive phase II results, it failed to show a significant effect as an adjunct in phase III trials ([@CIT0059]). By contrast, high doses of D-cycloserine, which was introduced as a drug for tuberculosis, have been shown to be effective in some people with treatment-resistant depression when used as an adjunct to the current antidepressant ([@CIT0026]). People who had plasma glycine levels greater than 300 uM showed a better response to the adjunctive therapy. Combined with the report that poor responses to selective serotonin reuptake inhibitors are associated with high plasma glycine levels ([@CIT0030]), this raises the possibility that plasma glycine might be a marker for the stratification of patients with depression. However, further work is required to determine if this measure clearly delineates between responders and non-responders.

Another imaging modality is blood flow; a MRI study using gadolinium for contrast reported that high levels of basal cerebral blood volume in the hippocampal CA1 subfield could be used to predict the transition from ultra-high risk to psychosis ([@CIT0056]). However, there was no clear separation between groups at the individual level, making this difficult to implement clinically. An alternative approach is the use of infrared scans to monitor blood flow in the forehead during a verbal fluency task. The rate of change in blood flow patterns was different between patients with schizophrenia compared to patients with major depressive disorder ([@CIT0034]). Following validation, this imaging approach may enable the differential diagnosis between the two disorders, thereby rapidly initiating appropriate treatment for people with either disorder.

In addition to the neuroimaging strategies, a number of other clinical markers are being assessed for their diagnostic utility. With the current focus on the contribution of cognitive deficits to psychiatric disorders ([@CIT0048]; [@CIT0001]; [@CIT0064]), it is not surprising that neurocognitive data has been used to investigate whether specific deficits correlate with defined illness stages ([@CIT0053]). To date, no individual test has achieved the level of sensitivity and specificity required for a diagnostic marker. However, using patterns of neurocognitive performance across premorbid verbal IQ, processing speed, working memory, verbal and visual memory, and executive function has been reported to distinguish healthy controls from people with an at-risk mental state- with a sensitivity of 0.96 and a specificity of 0.80 ([@CIT0037]). The same neurocognitive performance data also retrospectively identified people with at-risk mental states who transitioned to psychosis from those who did not with a sensitivity of 0.80 and a specificity of 0.75 ([@CIT0037]). As discussed for the gray matter volume analysis, these outcomes are not likely to be accurate enough to be used as diagnostic markers in their own right, but their predictive value might be enhanced by combining them with other markers, in line with recent exploration of multimodal markers and the risk of transition ([@CIT0023]).

Within psychiatric disorders there is a relatively high degree of heritability: 0.81 for schizophrenia, 0.75 for bipolar disorder, and 0.37 for major depressive disorder ([@CIT0061]). Thus, one approach to biomarker discovery is to harness the heritability of these disorders and look for genetic markers. Following reports of a partial overlap in the genetic vulnerability between psychiatric disorders ([@CIT0029]; [@CIT0014]), there has been a drive to identify genetic markers for phenotypes rather than continuing with the historic diagnostic labels. Using this approach, a role for calcium channel signaling has been identified in autism spectrum disorder, attention deficit-hyperactivity disorder, bipolar disorder, major depressive disorder, and schizophrenia ([@CIT0015]). It remains to be determined whether these findings translate into either a better understanding of the causes of these disorders or novel drug targets, which might be of particular use during the pre-clinical phase of adult-onset disorders, allowing a non-specific intervention that trans-nosologically impedes conversion. The logical progression of these findings has resulted in studies to determine whether particular clinical features are associated with genetic markers. One of the first studies to assess this reported a significant impact of the catechol-O-methyl transferase (COMT) functional polymorphism \[rs4680; Val(108/158)Met\] with working memory as assessed by the N-back task ([@CIT0007]). The methionine substitution, which confers lower activity of this enzyme responsible for the catabolism of dopamine, was associated with a better performance on the task. Furthermore, people with this allele also showed greater improvements in working memory and negative symptoms following treatment with olanzapine, raising the possibility it might serve as an indicator for treatment responsivity. Recent findings also link a functional polymorphism (rs6314) in the serotonin (5-hydroxytryptamine) 2A receptor to performance on cognitive tasks and response to olanzapine ([@CIT0009]). In this instance, the T allele was associated with lower levels of receptor expression, poorer performance on the trail making test, the prescription of higher doses, and an attenuated response to olanzapine. Together, the associations of these polymorphisms suggest that batteries of polymorphisms, rather than individual ones, might be required to understand the nuances of interactions between behavior, cortical circuitry, and, ultimately, treatment response across psychiatric disorders. This posit is in accordance with current notions of epistasis and the need for pathway analyses when examining patterns of genetic risk ([@CIT0061]). The complexity of the picture is underlined by the fact that the COMT Met allele was not associated with performance on a working memory task in people with major depressive disorder ([@CIT0051]); however, it should be noted that the task used was the Tower of London, not the N-back task. Given the levels of heritability for the psychiatric disorders, it is evident that genes are not the sole contributors to susceptibility for the disorders. With our increasing understanding of the role played by epigenetics in modifying gene expression as a response to environmental events, the impact of these dynamic mechanisms on the expression levels of genes has increasingly been examined ([@CIT0047]). Investigations into the epigenetics of COMT have revealed that methylation of the valine at the rs4680 site in response to stress is associated with reduced enzyme expression and has a moderate, positive association with performance on the N-back task ([@CIT0065]). Thus, both genetic and epigenetic markers across heritable phenotypes are an active area of research. This is attested to by recent publications regarding polygenic risk scores in psychiatry and frontal brain activation (Whalley et al., 2015), schizophrenia and working memory ([@CIT0032]), and stressful life events and depressive symptoms ([@CIT0049]). However, like other markers discussed in this report, they need to be properly validated.

Advances in high-throughput techniques are being harnessed to identify changes in the "omics" associated with psychiatric disorders. These approaches have two goals: firstly to understand more about the pathogenesis of the disorder and secondarily to detect markers that will help in the identification and treatment strategies for people with the disorder. It is now established that the cytokine system is disrupted in psychiatric disorders ([@CIT0019]), including major depressive disorder ([@CIT0060])---particularly the pro-inflammatory members of the family ([@CIT0070])---schizophrenia ([@CIT0017]; [@CIT0022]), and bipolar disorder ([@CIT0010]; [@CIT0004]). Likewise, oxidative stress markers have been reported in major depressive disorder ([@CIT0060]), schizophrenia ([@CIT0040]), and bipolar disorder ([@CIT0012]). Given the widespread changes reported in these factors, the potential use of specific members of these families as biomarkers remains to be determined, based on their specificity for the event in question. An additional advantage of these large-scale studies is that reports of markers that identify subgroups within the diagnostic category are gradually emerging. The most progress in this aspect has been made in schizophrenia, where subgroups have been identified on the basis of binding to the muscarinic M1 receptor ([@CIT0055]), levels of cytokines ([@CIT0022]; [@CIT0017]), growth factors and hormonal pathways ([@CIT0017]), and patterns of polymorphisms ([@CIT0002]). Until the division of schizophrenia into biological subgroups has a clinical significance or outcome, the identification of these and similar markers will be of academic interest only. However, if therapies are developed that are more suitable for a subgroup or a specific subgroup is associated with a particular prognosis, then the ability to identify that group will be of great clinical interest.

Predicting and Tracking Medication Efficacy {#s4}
===========================================

Finally, the quest for biomarkers that will predict treatment response is attracting attention from clinicians, regulators, and pharmaceutical companies. However, research is still at an early phase so there are relatively few studies available. In major depressive disorder, high levels of histone deacetylase 5 prior to treatment initiation appear to be a robust marker for treatment response ([@CIT0028]; [@CIT0027]; [@CIT0005]). Levels of cyclic-adenosine monophosphate (cAMP) response element binding protein 1 ([@CIT0028]), histone deacetylase 2 ([@CIT0027]), serotonergic markers ([@CIT0005]), a panel of four gene expression profiles ([@CIT0006]), and interferon regulatory factor 7 ([@CIT0043]) have variously been reported to change following treatment with antidepressants. Within schizophrenia, a small study reported that clinical improvement following treatment with unspecified second-generation antipsychotics was associated with a return to control levels of peripheral Dishevelled-Associated Activator Of Morphogenesis ([@CIT0038]). Another study reported that mRNA levels of neuropilin and tolloid-like (NETO) and proto-oncogene AF4/Fragile X E mental retardation syndrome (AF4/FMR2) Family Member 3 (AFF3) were significantly altered after 3 weeks of treatment in responders to olanzapine or risperidone compared to non-responders ([@CIT0044]). For bipolar disorder, there are no reports of clear indicators of treatment response to antipsychotic medications. However, vascular endothelial growth factor A was reported to be decreased following treatment with lithium in small groups of healthy individuals and patients with bipolar disorder ([@CIT0033]). Whilst this has potential for use as a marker of medication compliance, it provides no clue as to treatment response. By contrast, an investigation of gene expression profiles between depressed people with bipolar disorder who did (n = 10; 50^+^% reduction in initial score on the Hamilton depression rating scale) and did not (n = 10) respond to lithium reported that people who responded had an increased ratio of anti-apoptotic to pro-apoptotic B-cell lymphoma 2 (Bcl2) family members, whilst the converse was true for those who did not respond ([@CIT0041]). Whether the same expression profiles will predict response of the manic phase to treatment remains to be determined. Whilst all these findings are of potential interest, for such markers to be truly useful they need to be prospectively, as well as retrospectively, accurate. In addition, many of these studies have been conducted in small cohorts. As previously discussed, under-powered sample sizes are a major contributor to the non-replication and pseudo-replication that dog this area of research. Thus follow-up studies in larger, independent cohorts are required to advance these findings beyond the discovery phase.

One tactic to identify markers for treatment stratification is to employ a "bottom up" scheme, identifying potential markers in animal models with relevant phenotypes and then assessing their validity in patient samples. One example of this approach is a mouse which overexpresses the SH3 and Multiple Ankyrin Repeat Domains 3 (SHANK3) gene ([@CIT0025]). This mouse was developed because of the association of loss and/or over-expression of this gene with several neuropsychiatric disorders. Duplications spanning SHANK3 result in its overexpression; transgenic animals exhibit hyperactivity, reduced pre-pulse inhibition, hyperphagia, and abnormal circadian rhythms, providing face validity for bipolar disorder. The hyperactivity and abnormal pre-pulse inhibition were reversed by valproate but not lithium. Thus, SHANK3 genotyping might be useful in identifying patients with bipolar disorder who will not respond well to lithium prior to treatment initiation. Examining the proteomes of mice that exhibited high and low scores on a test associated with anxiety led to the identification of single nucleotide polymorphisms in enolase phosphatase, resulting in a lower activity of the enzyme which forms part of the methionine salvage pathway ([@CIT0020]). A product of this pathway, S-adenosyl-L-methionine, was tested as an antidepressant with varying outcomes; a meta-analysis determined that it has an efficacy similar to that of tricyclic antidepressants ([@CIT0011]). The preclinical studies suggest that genotyping patients prior to treatment might improve the clinical utility of this compound. The ability to clinically identify subgroups within syndromes that will respond preferentially to different types of treatment modalities and reliably predict drug effectiveness in individual patients has the potential to dramatically change treatment and drug development for psychiatric disorders from the current "one size fits all" approach to a much more personalized treatment plan.

How do We Move the Concept of Biomarkers Forward? {#s5}
=================================================

As can be seen from the preceding efforts to identify various biomarkers, the discovery phase of biomarker development is very active. There are two fundamental answers to the question of how we can expedite the development of biomarkers from discovery through validation and marketing to the clinic. Firstly, it is critical that the measure is rigorous, precise, and reproducible. For example; working memory is often used as a task for functional neuroimaging, but there are different forms of working memory: spatial, visual, and verbal modalities are all widely used. However, do they measure the same thing? How do scores on the N-back test relate to scores on the trail making test? Thus, to avoid generating approximate replications, if a particular neuropsychological tool has potential as a biomarker, the validation and eventual clinical use of it must employ the original protocol to retain the unique specificity and sensitivity of the test. The same principles also apply to biochemical markers, as peripheral levels of many gene products and metabolites will vary throughout the day and, furthermore, some may be influenced by external factors. For any biochemical entity to be assessed, it is vital that the physiological constraints in the general population are known so that collecting and processing samples can be optimized. It is then vital that a standardized protocol encompassing sample collection, storage, processing, and marker measurement is developed and strictly adhered to in order to retain the integrity of the test. Ideally, any workflow, from measuring the test to producing an answer, will have as few nodes as possible to keep variation to a minimum. In addition, as previously suggested ([@CIT0018]), it is critical for researchers in the field to develop networks to expedite the validation of potential biomarkers so that validated biomarkers can rapidly be moved into the clinic.

Secondly, the search, validation, and subsequent marketing of biomarkers will require funding in excess of that generally available from the current funding sources. The process will also need to bring people with very divergent expertise together in a collaborative atmosphere. Ideally there would be clinical and basic researchers, ready access to well-curated samples, coordination of the research effort, knowledge of the requirements of diagnostic kits, and eventually expertise in marketing the product. The best model currently available for this type of venture is a pre-competitive consortium, of which Novel Methods leading to New Medications in Depression and Schizophrenia (NEWMEDS) ([@CIT0063]) is an example. NEWMEDS was established by the Innovative Medicines Initiative, which is a public/private undertaking between the European Union and the European Federation of Pharmaceutical Industries and Associations to find new methods of developing drugs for schizophrenia and depression (<http://www.newmeds-europe.com/index.php>). The consortium has 19 partners from 12 countries, including 10 pharmaceutical companies, seven academic institutions, and two small- and medium-sized enterprises, with management being handled by a third such enterprise. As part of their research agenda, the consortium has determined that genotyping cannot be used to predict responses to antidepressant drugs ([@CIT0063]) and assessed factors that predict antipsychotic drug response ([@CIT0054]). These and other outcomes demonstrate that it is possible for a large disparate collection of interests to work collaboratively to achieve a common goal. A pre-competitive initiative, the P1vital CNS Experimental Medicine Consortium, has recently been formed with the express intention of "validating the next generation of biomarkers in schizophrenia." This consortium has five pharmaceutical companies and collaborates with five academic institutions. To date, they have assessed the effects of atypical antipsychotic drugs and nicotine on four biomarker tasks in people who were high schizotypes, as well as performance and brain activation of high schizotypes on virtual mazes (see [@CIT0021]). It remains to be determined how well these markers perform in real-life clinical populations. Since this initiative closely matches one of the suggestions arising from the 2013 Think Tank, it will be interesting to see how it performs.

Summary {#s6}
=======

During the two days of intense discussion that constituted the 2013 Think Tank, a number of significant points were made and endorsed by the attendees. The following are key messages resulting from this meeting:

-   There is great potential for biomarkers within psychiatry. Potential uses include diagnosis, prognosis (risk), prediction and evaluation of responses to treatment, avoidance of adverse events, and identification of specific subgroups within diagnostic syndromes.

-   In order to identify useful biomarkers, it is necessary to recognize that genes and their products do not code for symptoms or disorders, therefore we should not expect them to be specific to diagnoses. Furthermore, epigenetic changes may overwrite the genetic blueprint.

-   Predictors need to have accuracy at the individual level in real life, not just statistically significant differences between group means in experimental studies.

-   It is vital to standardize measurements and tests across groups or centers around the world to ensure the reproducibility, reliability, and robustness of tests.

-   Since the "all or none" effect seen in specific types of cancer is unlikely to occur in psychiatric disorders, it will be necessary to develop normative data for the markers.

-   We need simple, cost-effective readouts if biomarkers are to be used on a broad-based scale for risk estimation and predicting responses to treatment by specialists or in general practice.

-   Single biomarkers may not be enough; for example, in predicting the risk of psychosis or depression, multi-modal approaches may be more reliable. There is a diversity of potential readouts that can be combined, including biochemical, cognitive, electrophysiological, genetic, and neuroimaging tests.

-   Longitudinal studies, assessing the expression of a battery of markers over a significant period of time, might prove to be more discriminating than cross-sectional studies.

-   A large number of potential markers are under investigation at the discovery stage. In order to move these forward, replication studies in much larger, independent cohorts are essential.

-   There is a need for pre-competitive partnerships, possibly academic, industry, or government, to successfully identify and validate markers so that reliable clinical tests can be developed. Including patients and regulators in discussions would assist in setting targets since market forces and consumer needs do not necessarily align with clinical or research questions.

Despite formidable challenges, much progress has been made and will continue to be made towards the clinically-important goal of developing valid, reliable, and broadly-usable biomarkers for psychiatric disorders and their treatment. However, we have to be realistic about the time it takes to identify, validate, and market biological tests. It might be that a test may not be perfect initially, with its true value and application only emerging once it is in wider use in the clinic. The question to be answered is how good a test has to be to get the chance to make it into the clinic. In essence, addressing that question will require the identification of universally accepted parameters that biomarkers would be useful for. Once these have been established, all aspects of sample collection, processing, and storage, whether they are biological material, or physiological readouts, need to be standardized. Potential markers will require rigorous evaluation of their sensitivity, specificity, predictive value, and likelihood ratio before being tested in a larger validation cohort that reflects a normal clinical population. Normative data will also need to be generated for these markers. If successful, the significant final steps will be to develop a cost-effective, easily implementable diagnostic tool that does not require access to highly specialized equipment that would restrict its use. CINP has already supported this process by sponsoring a forum, in the form of the Think Tanks, for the unencumbered exchange of ideas necessary for such an ambitious program to be implemented. Programs that promote cross-discipline collaborations, such as RDoC, and the specialized research consortia that already exist can also make significant contributions to the development and implementation of such a scheme.
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